Objective: The triglyceride and glucose (TyG) index has been proposed as a simple surrogate of insulin resistance (IR) with high sensitivity as an IR index besides the well known homeostasis model assessment of IR (HOMA-IR). Limited data are reported in children. We investigated the sensitivity and specificity of TyG index in a pediatric Caucasian population, as a surrogate measure of IR and compared the results with HOMA-IR. Methods: We enrolled 541 children (11.7±2.71 yrs). According to body mass index (BMI) chart, the subjects were divided into three groups: normal weight BMI<75th percentile, overweight BMI 75th-95th percentile, and obese>95 th percentile. TyG index was calculated as (ln[fasting triglycerides(mg/dl)×fasting plasma glucose(mg/dl)/2]) and considered pathological when exceeding 7.88. HOMA-IR was calculated as (insulin×glucose)/22.5 and defined pathological whenever exceeding 97.5th percentile for age and sex. Results: In children with overweight/obesity TyG index was higher compared to normal weight subjects (p<0.001). TyG index was correlated with BMI (p<0.001); WHtR (p<0.001), total and HDL cholesterol (p<0.001); ALT (p<0.001), blood pressure (p<0.001). A correlation between TyG index and HOMAIR (p<0.001) as well as high TyG index and pathological HOMA-IR (p<0.001) were noted. The optimal cut-off for IR was considered 7.98 (sensitivity 60%; specificity 78%; AUC 0.69). Conclusions: TyG index is a useful and cost-effective index of IR among children and adolescents. The cutoff 7.98 may be used for IR risk screening in childhood obesity, but we recommend caution when used in other populations.
Introduction
Children with obesity commonly exhibit insulin resistance, disturbances in lipoprotein metabolism, and increased serum triglyceride levels (1) (2) . Correlation between hypertriglyceridemia and insulin resistance (IR) remains not fully elucidated (3) (4) (5) (6) (7) . It has been reported that triglycerides increase interferes with muscle-glucose metabolism (3) and may be correlated to insulin sensitivity decrease (4) . The homeostasis model assessment of insulin resistance (HOMA-IR) index is a validated and widely used index to evaluate insulin resistance using measures derived from the fasting state in epidemiological studies and has also been used in clinical practice (4) (5) (6) (7) (8) . However, a plasma insulin assay is not yet available in all laboratories, has poor reproducibility and is expensive (9) . Recently, in adults the triglyceride and glucose (TyG) index has been proposed as a simple surrogate of IR with high sensitivity in recognizing insulin resistance compared with the HOMA-IR (8) (9) (10) (11) and euglycemic-hyperinsulinemic clamp (7) . It is useful for insulin resistance detection in large-scale apparently healthy subjects or for the early identification of patients at risk of diabetes (12). TyG index is considered the best predictor of developing diabetes in normoglycemic (12) and pre-diabetic patients (13, 14) .
u n c o r r e c t e d p r o o f
Limited data are reported in pediatric age, in which the TyG index has been described as a useful predictor of metabolic abnormalities in Asian, Mexican American, Non-Hispanic White adolescents (15-21). Untill now there is no consensus for reference criteria in Caucasian children, besides no pediatric study has been conducted on this topic. The aim of the present study was to investigate the sensitivity and specificity of the TyG index in a pediatric Caucasian population, as a surrogate measure of IR in children and adolescents with overweight/obesity and to compare it with the established marker, HOMA-IR. An optimal cut-off of TyG index for IR was also identified.
Patients and Methods Patients
We enrolled 541 Caucasian Italian children and adolescents aged 11.7±2.71 years (266 females and 275 males) referred to our outpatients' clinic for auxological evaluation or obesity by their general practitioner or primary care pediatrician. According to the Italian Society for Pediatric Endocrinology and Diabetology (ISPED) criteria (22) , the subjects were divided into three groups: -Subjects with obesity (group 1): BMI that exceeded the 95th percentile for the age and sex (23) , -Subjects with overweight (group 2): BMI 75th-95th percentile (23) , -Subjects with normal weight (group 3): BMI < 75th percentile (23) . Exclusion criteria were: specific intestinal symptoms and intestinal diseases, known secondary obesity conditions, use of any medications, and concomitant chronic or acute illnesses. Ethics This study was conducted according to the Good Clinical Practice guidelines and was approved by the Human Ethic Committees of Fondazione IRCCS Policlinico S. Matteo of Pavia (Protocol number: 20150005231). All participants or their responsible guardians gave their written consent after being informed about the nature of the study.
Physical examination
The physical examination of the participants included evaluation of height, weight, waist circumference, BMI, pubertal stage according to , and blood pressure (BP) measurement. Height, weight and waist circumference measurement, were performed as previously reported (26) . Waist to height ratio (WHtR) was calculated according to Maffeis (27) . BMI was calculated as body weight (kilograms) divided by height (meters squared). Pubertal development was classified as: stage 1 = Tanner 1; stage 2 = Tanner 2-3; and stage 3 = Tanner 4-5. Systolic (SBP) and diastolic (DBP) blood pressure were measured twice using a mercury sphygmomanometer, after the participant sat comfortably for 5 min, with an appropriately sized cuff on the right arm, which was slightly flexed at heart level (28) . The second BP measurement was used for analysis. Elevated SBP or DBP was defined with values exceeding the 95 th percentile for age and sex (29).
Biochemical parameters and definitions
Blood samples were drawn in the morning, after an overnight fast. Metabolic blood assays included fasting blood glucose (FBG), total cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides (TG), insulin, aspartase aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyl transpeptidase (GGT), measured by clinical chemistry methods, on Advia XPT (Siemens Healthcare). Triglyceride-glucose index (TyG index) was calculated as the Ln[fasting triglycerides (mg/dl)×fasting plasma glucose (mg/dl)/2]) (30) , as a surrogate marker of IR and predictor of diabetes TyG index was considered pathological with a cutoff exceeding 7.88, according to Vieira Ribeiro (31) . Insulin resistance was determined by the homeostasis model assessment for insulin resistance (HOMA-IR) using the formula: insulin resistance = (insulin × glucose)/22.5 (32) . Impaired insulin sensitivity was defined with HOMA-IR whenever exceeding the 97.5th percentile for age and sex and for Italian children and adolescents (33).
Statistical Analysis
The Shapiro-Wilk test was used to test the normal distribution of quantitative variables. As quantitative variables were normally distributed, the results were expressed as the mean value and standard deviation (SD). They were compared between BMI groups with ANOVA, followed by 2x2 post-hoc comparisons with Scheffè correction. Association between quantitative variables was evaluated with Pearson correlation, also stratifying for BMI groups and pubertal stage. The magnitude of an effect size for correlation coefficients should be evaluated as follows, according to Cohen (34): small for correlation coefficients on the order of 0.1; medium for those on the order of 0.3, large for those on the order of 0.5. We will focus on correlation coefficient in the order of 0.3 in line with many correlation coefficients reported in the literature (35) . Gender (M/F), pubertal stages were included as qualitative variables. Qualitative variables were summarized as counts and percentages and compared between groups with the chi-square test. The effect of TyG index on detection of insulin resistance was assessed using receiver operating characteristic (ROC) curves and the area under the ROC (AUROC) curve analysis. We also perform a non parametric analysis of ROC curve under covariates, using bootstrap to take into account the effect of BMI and pubertal stage. All tests were two-sided and a p-value below 0.05 was considered statistically significant. The data analysis was performed with the STATA statistical package (release 15.1, 2017, Stata Corporation, College Station, Texas, USA) Results The features of the enrolled children according to BMI classification are reported in Table 1 . Subjects with overweight and obesity compared to normal weight subjects showed significant differences in pubertal stage (p<0.05) and components of the metabolic and cardiovascular profiles including insulin levels (p<0.001), triglycerides and HDL cholesterol values (p<0.001) and blood pressure (p<0.001) ( Tables 1, 2 ). There were no significant difference in gender and age between the groups. In Table 3 , we reported the percentile values of TyG index and HOMA-IR. TyG index and clinical, metabolic and cardiovascular parameters TyG index was more elevated in children with overweight and obesity compared to normal weight (p<0.001 in both cases), Table 2 . Gender and pubertal stage did not seem to influence the TyG index values, also considering stratification for BMI groups. TyG index was statistically correlated with BMI (r=0.4, p<0.001), WHtR (r=0.36, p<0.001), total and HDL cholesterol (r=0.30, p<0.001 and r=-0.32, p<0.001), ALT (r=0.22, p<0.001), systolic and diastolic pressure (r=0.22, p<0.001 and r=0.22, p<0.001).
u n c o r r e c t e d p r o o f
As reported in Table 4 , the correlation with TyG index remains significant for BMI, WHtR, HDL-cholesterol ALT also stratifying for pubertal stage and BMI group. For AST, after stratification, the correlation is revealed in overweight and obese children and pubertal stage 1 or 2. Regarding blood pressure, the systolic pressure remains correlated with TyG index, after stratification for pubertal stage and in children with obesity, while the diastolic pressure correlation with TyG was found in overweight and obese children and pubertal stage 1 or 2, Table 4 . HOMA-IR and clinical, metabolic and cardiovascular parameters As reported in Table 2 , HOMA-IR was higher in children with overweight and obesity than normal-weight (p<0.001 in both cases), but no difference was shown between subjects with overweight compared to those with obesity (p=0.91). No significant difference in HOMA-IR was found between group when sex was considered, also stratifying for BMI groups or pubertal stages. Higher HOMA-IR values were noted in children with signs of puberty than prepubertal children (p=0.001), without any difference related to sex between the groups, also when stratification for BMI groups was adopted. Considering other auxological and metabolic parameters, HOMA-IR was correlated with BMI (r=0.41, p<0.001); WHtR (r=0.27, p<0.001), HDL-cholesterol (r=-0.27, p<0.001); tryglicerides (r=0.31, p<0.001) and systolic blood pressure (r=0.2, p<0.001). As reported in Table 5 , these correlations remained significant for BMI, WHtR and HDL-cholesterol, even after stratification for pubertal stage and BMI group. Concerning blood pressure, the correlation resulted significant only in some groups, such as pubertal stage 2, normalweight and overweight, Table 5 . Correlation between TyG and HOMA-IR Pathological TyG index and HOMA-IR were reported in 37.52% of subjects (7.89 % normal-weight, 48.27% overweight and 43.84 % with obesity) and 18.0 % (2.0 % normal-weight, 53.6% overweight and 44.4 % with obesity) respectively. A correlation between TyG index and HOMA-IR (r=0.38 p<0.001) and elevated TyG index and pathological HOMA-IR (p<0.001) were noted. To reach the best sensitivity and specificity in the ROC analysis, 7.98 was considered optimal cutoff for insulin resistance by means of triglyceride-glucose index (sensitivity 60%; specificity 78%, AUC 0.69). Performing a nonparametric analysis, with bootstrap of ROC curve under covariates (pubertal stage and BMI) the AUC of the model was 0.70, Figure 1 . Discussion Insulin resistance, characterized by a decrease in cell sensitivity to insulin, is one of the leading causes of metabolic abnormalities onset even at a young age, increasing the risk of cardiovascular diseases during adulthood (1, 36) . It is important to identify simple and reliable predictors of IR for screening those at risk for MetS and T2DM. Thus far, studies comparing predictors of IR in children and adolescents with obesity are limited (15-21). We detected a good sensitivity and specificity of the TyG index as a surrogate measure for predicting IR in children and adolescents with overweight/obesity. This index is correlated to abdominal obesity and dismetabolic profile, moreover, compared to HOMA-IR, it is not influenced by pubertal stage. Although euglycemic-hyperinsulinemic clamp is the gold standard methods for the determination of insulin sensitivity, it is hardly practicable in children, being invasive and time intensive. Therefore, simpler, indirect methods have been proposed for epidemiological and clinical studies. HOMA-IR, derived from the product of the fasting levels of insulin and glucose, is a robust tool used as a surrogate measure for insulin resistance (4-8). Recently, Bonora et al. (37) reported a strong inverse correlation between clamp-measured glucose disposal and HOMA-estimated insulin sensitivity, suggesting that HOMA-IR can be reliably used in large-scale or epidemiological studies. Our results confirmed evidences that although TyG index has a high sensitivity and specificity towards IR prediction in pediatric population, it does not show any superiority of against HOMA-IR (6). TyG index is an alternative simple and inexpensive tool for identification of individuals at risk for IR (7, 38) , such as children and adolescents with excessive weight gain or when insulin measurement is not available. IR fluctuations throughout lifespan, with periods of expected physiological increases , such as puberty (39) , complicates interpretation and assessment of IR in children. We noted that TyG index is not influence by puberty, therefore this marker may be also useful for screening IR in prepubertal and pubertal populations as well as in pediatric patients at high risk of dismetabolic disorders, with pubertal impairment, such as malnourished disabled children (40) . Metabolic syndrome (MetS) represents a clustering of metabolic risk factors including central obesity, hyperinsulinemia, hypertension, and dyslipidemia. Although the exact etiology of MetS is uncertain, IR is considered a common mechanism underlying derangements associated with the syndrome (2, 41) . Thus, in order to delay or prevent the acute onset of these conditions, an early detection of IR, with accessible and easy-to-measure methods is recommended. Furthermore we noted a correlation between TyG index and other biomarkers for MetS, such as BMI, WHtR, total and HDL cholesterol, systolic and diastolic pressure and liver function. Despite, similarly to HOMA-IR, the correlation coefficients were low for some parameters. Moreover considering that in recent guidelines for pediatric obesity there are no specific recommends for fasting insulin measurement, TyG index, which is derived from fasting glucose and TG values, may be a reliable marker for this purpose. The difficulty of the formula with log, could be solved by an automatic calculation which would enable its practical use it in the clinical setting. Reported data on cut-off values of TyG index to estimate IR for children and adolescents are limited. Veira Ribeiro et al (31) reported that the cutoff point with the best balance between sensitivity and specificity values was 7.88. A study carried out with Korean adolescents aged 10-18 identified cutoff points between 8.41 and 8.66 for TyG index to predict metabolic syndrome, using different diagnostic criteria (18) . Angoorani et al (19) described a TyG-index cut-off of 8.33 in total students, as one of the indirect indices for metabolic syndrome in a pediatric population. Moon et al (16) The present study in Caucasian subjects identified an optimal cut-off of 7.98 for IR, that may be used for assessing IR and associated metabolic risk in children and teenagers with overweight and obesity, although caution is required when applied to other populations metabolically at risk. A study limitation that should be acknowledged is the lack of dietary data. Dietary assessment of these patients is important since macronutrient composition impacts triglycerides levels. High carbohydrate diets raise blood concentrations of triglycerides. This "carbohydrate-induced hypertriglyceridemia" is paradoxical since dietary carbohydrates tend to increase plasma triglyceride when fats are displaced (42) . Moreover trans fatty acids have been reported to increase triglyceride concentration, too. The major source of dietary trans fatty acids is partially-hydrogenated fats and products formulated with these fats such as commercially prepared baked u n c o r r e c t e d p r o o f and fried foods, which children and adolescents are commonly fond of (42, 43) . Finally weight history should be carefully investigated since triglycerides tend to lower during the active weight loss phase, regardless of nutrient composition (42) ; therefore children who have recently started a weight loss program and decreased weight, although still classified as overweight or obese, might reveal sudden changes in triglycerides levels, which do not necessarily mean a sudden improvement of IR.
In conclusion, TyG index is a useful and cost-effective index of IR among children and adolescents. and it could be proposed also in different pathological populations, after validation. Additionally, TyG index role in insulin sensitivity estimation during recent fluctuations in weight and/or important dietary modifications is not excluded. The cutoff 7.98 may be used for IR risk screening in childhood obesity, but we recommend caution when used in other populations. Further studies, including correlation studies between TyG index and gold standard methods for insulin resistance, are needed to confirm the valid cut-off values in pediatrics. Table 1 . Clinical features of the enrolled children.
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